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Description

Liquid phase and solid phase immunoassays and their numerous modifications and variations have
been described in the literature for the measurement of a host of circulating antigens and antibodies.
Numerous U.S. and Foreign patents have been issued dealing with one or more aspects of immunoassay
techniques.

Competitive isotopic double antibody separation immunoassay techniques have played a substantial
role in the measurement of antigens and haptens. Such methods are sensitive and reproducible but require
centrifugation to separate the free labeled antigen or hapten from the antibody bound label. Although such
methods utilize first order liquid phase kinetics, they rely on polyethylene glycol catalyzed second antibody
separation. Several drawbacks are inherent in such systems; namely, (a) the stringent requirement of a
highly purified antigen or hapten for isotopic labeling and (b) high non-specific binding due in part to tracer
impurity and instability and/or polyethylene glycol-second antibody separation.

Competitive enzyme double antibody separation immunoassay techniques have been used on a much
smaller scale. Antigen or hapten enzyme labels, although more stable than their isotopic counterparts, suffer
in such assays due to exiremely high non-specific bindings and require multiple washings thus reducing
sensitivity and reproducibility.

Substituting fluorescent or chemiluminescent labels in said double antibody competitive type assays
have not fully resolved the intrinsic problem of non-specific binding and limited sensitivity and reproduc-
ibility of such methods. Homogeneous enzyme immunoassays as described in U.S.-A-3,817,837 have in
part addressed the non-specific binding problem described above for non-isotopic competitive double
antibody separation techniques. However, the teachings of said U.S.-A-3,817,837 are limited to small
molecular weight haptens that are present in fairly high concentrations in body fluids.

Fluorescent polarization competitive immunoassay as described in U.S.-A-4,420,568 has successfully
eliminated most of the sensitivity problems described in U.S.-A-3,817,837 but so far their applications have
been limited to small molecules. Other Competitive fluorescent immunoassays have since been reported for
large molecular weight antigens but like fluorescent polarization require a special dedicated instrument for
their practice.

Competitive solid phase immunoassays have been in use for the past decade and have gradually
replaced competitive double antibody separation techniques for small molecular weight haptens and several
larger antigens with a molecular mass of less than 30,000 daltons. Such isotopic competitive solid phase
immunoassays are virtually free of non-specific binding problems associated with liquid phase competitive
immunoassays but are not applicable to large molecular weight antigens due mainly in part to steric
hindrance on the solid support.

Solid phase non-isotopic competitive immunoassays suffer from similar problems of steric hindrance on
the solid support and in case of enzyme labels the size of the label itself adds to steric problem as well.
The present invention will address some of the steric hindrance problems of solid phase supports inherent
in competitive solid phase assays. Solid phase immunometric isotopic and non-isotopic assays have been
well developed for the measurement of large molecular mass polyvalent antigens and antibodies. Several
methods have been published and lately several U.S. and Foreign patents have been issued describing
different aspects of this analytical technique.

U.S.-A-3,654,090 was one of the earliest teachings of a sequential two-step immunoenzymometric
assay for the detection of polyvalent antigens. Several modifications of the original teachings of said patent
have since been applied to the measurement of high molecular mass antigens using either isotopic or non-
isotopic signal producing probes.

For obvious analytical reasons it is well established that the use of two different polyclonal antibodies
raised in different species directed at the same antigen (one immobilized on solid support and the second
labeled with a signal producing probe) enhances the sensitivity of the assay and reduces to a certain extent
background signals in immunometric assays. U.S.-A-4,376,110 teaches the use of two monoclonal anti-
bodies directed at two different epitopes on polyvalent antigens in immunometric assays. Unlike U.S.-A-
3,654,090, U.S.-A-4,376,110 uses a co-incubation non-sequential assay system. Similarly, U.S.-A-4,474,892
also describes a two-site immunometric assay system using monoclonal antibodies of different classes or
subclasses directed at the same antigen. The above-described methods although they achieve acceptable
sensitivity, specificity and to a certain extent reduced background signals, all suffer from low reaction
kinetics due to the immobilization of the antibody on solid support and a solid phase type reaction. It is well
established that solid phase reactions have lower reaction kinetics than liquid phase reactions and also have
lower signal to background ratio even if the immobilized antibody has a higher affinity constant prior fo
immobilization. This is largely due to steric hindrance effects on the solid support. If such methods are not
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properly optimized in so far as the quantity of immobilized antibody and the concentration and specific
activity of the probe producing signal attached to the second antibody are concerned, the so-called "high-
dose hook effect” could jeopardize the reliability and validity of such methods.

A further disadvantage of immunometric methods is the inconsistency of the antibody immobilizing
process from batch to batch. U.S.-A-4,496,654 discusses this problem of inconsistent immobilization of
antibodies and teaches that by first immobilizing avidin on a solid support then reacting said support with
biotinylated antibody to form a solid phase antibody support, uniform immobilization is achieved. However,
in this disclosed modification slower reaction kinetics are inevitable and the dangers of a "high-dose hook
effect" are still probable. The present invention addresses these shortcomings and the disadvantages
inherent in these immunometric assays.

Modifications of classical immunometric assays for the detection of antigens has also been extended for
the measurement of specific antibodies by using immobilized antigens as the immunosorbant. A notable
application of such techniques has been widely used for the detection of allergen specific immunoglobulins,
IgE (reagin-immunoglobulins). Historically, specific allergen testing has followed the teachings of U.S.-A-
3,720,760 and its Foreign counterparts, in which specific allergens are immobilized on a solid support
(mainly filter paper discs) and reacted with a patient sample suspect of containing the allergen specific
immunoglobulin IgE. After an initial incubation (typically 24 hours) the solid support is washed to remove
any non-specific binding from the serum components, then the solid support is allowed to react with a
labeled anti-IgE antibody. After a second wash step of the solid support it is checked for the presence of
labeled material. This approach, although widely used has several shortcomings; namely, slow reaction
kinetics due to the solid phase reactions, difficulty of producing immobilized allergens that have the same
binding characteristics as the natural allergens for IgE and the inconsistency of producing a solid phase
allergen from bath to batch.

Recently, Aalberse, et al. (J. Imm. Methods 87:51-57 (1986)) describe the use of hapten-modified
antigens instead of solid phase coupled antigens in a radioallergosorbent test-type assay. In such assay a
patient sample suspected of containing specific allergen IgE is reacted with trinitrobenzene sulfonic acid
(TNP) modified specific allergen for two hours then further reacted overnight with a solid phase coupled
anti-TNP to form IgE-allergen-TNP-anti-TNP complex. The solid phase is washed and again reacted
overnight with 125-l-anti-IgE antibody, rewashed and counted for the presence of 125-| isotope which is
directly proportional to the concentration of allergen specific IgE in the patient sample. In this approach the
authors claim to have gained the benefit of liquid phase kinetics in their first reaction but fail to substantiate
the extent of TNP labeling of their allergens. Directly labeling allergens with haptens such as TNP poses the
problem of missing certain vital allergenic components that might not be labeled during such a process and
thus will not be quantified in said process. Also, the authors failed to show enhanced reaction timing (two
days) as compared to the method described in US-A-3,720,760.

GB-A-2084183 and EP-A-177191 disclose single-site antigen-linked competitive enzymeimmunoassays.
In GB-A-2084183 the antigen to be analysed is bound to an antibody Ab1 which binds to a labelled antibody
Aby*. In EP-A-177191 the ligand to be analysed is bound directly to a labelled conjugate.

US-A-4,530,900 discloses a heterogeneous enzymeimmunoassay in which antigen to be assayed is
bound to a soluble polymer bearing antibody and then, prior to assay, rendered insoluble by for instance a
change in pH.

SUMMARY OF THE INVENTION

The present invention concerns itself with the measurement of circulating antigens or antibodies in
biological fluids using a novel approach. This approach described herein makes use of a specific antigen or
antibody chemically attached to a soluble matrix or backbone which is subsequently labeled with a given
ligand. After an initial liquid phase reaction with a patient sample, the immunocomplex formed between the
patient antigen or antibody and an anti-antigen or anti-antibody labeled with a signal producing probe is
immobilized in situ on a solid support containing an anti-ligand directed at the ligand attached to the liquid
matrix. This approach of attaching antigens or antibodies to a liquid soluble matrix which is subsequently
labeled with a given ligand serves at least two distinct purposes:

(a) it increases the potential number of immunocomplexes that could be immobilized on a solid support
through an anti-ligand since only few ligands need to be attached to the liquid matrix to effect complete
immobilization of the entire immunocomplex. Direct labeling of antigens or antibodies with a given ligand
without the use of a liquid matrix as described herein would limit the number of immunocomplexes to be
immobilized on the solid support by an anti-ligand since the chances are that only a few antigens or
antibodies would be labeled with a given ligand and that would require the use of elaborate affinity
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chromatographic techniques to separate the ligand labeled antigens or antibodies from the unlabeled
antigens or antibodies.

(b) the benefits of using liquid phase kinetics in the first reaction are obvious since this facilitates the
formation of the immunocomplex between the antigens or antibodies attached to the liquid matrix and the
signal producing labeled anti-antigen or anti-antibody.

If liquid phase kinetics are not sought, the teachings of this invention could be used to prepare efficient
solid phase matrices by attaching antigens or antibodies to a liquid maitrix and labeling said matrix with a
given ligand then pre-reacting said matrix with a solid phase support containing an anti-ligand.

The present invention therefore provides a method for measuring the level of an antigen (Ag1), antibody
(Ab1) or hapten (H) in a liquid sample, which comprises forming in a liquid phase reaction a soluble
complex wherein said antigen (Ag+) antibody (Ab+) or hapten (H) is linked through, respectively, a specific
antibody (Ab), antigen (Ag) or antihapten (Anti-H), to a matrix which is soluble in the liquid phase and
carries a ligand (X), subsequently forming an insolubilised complex comprising a solid support linked fo the
ligand (X) of said soluble complex through an anti-ligand (Y), the insolubilised complex carrying a label (Z)
linked to the antigen (Ag1) through an anti-antigen (Anti-Ag.), to the antibody (Ab+) through an anti-antibody
(Anti-Ab1) or to the hapten (H), washing the insolubilised complex, and checking the washed insolubilised
complex for the presence of the label (Z) to provide a measure of the level of said antigen (Ag1), antibody
(Ab1) or hapten (H) in said sample.

DETAILED DESCRIPTION OF THE INVENTION

Several analytical schemes are described in this invention.

Scheme I: Non-Sequential Assay:

A patient sample suspected of containing a given antigen or antibody is allowed to react in the liquid
phase with the liquid matrix containing the labeled ligand-antibody or the labeled-ligand antigen in the
presence of a differently labeled specific anti-antibody or labeled specific anti-antigen. This immunological
complex in the liquid phase is reacted with an anti-ligand immobilized on a solid support which is directed
against the ligand attached to specific antigen or antibody through the liquid matrix. The solid phase is then
washed and checked for the label producing signal attached to the anti-antigen or the anti-antibody. This
can be shown graphically for the detection of antigens or antibodies as follows:

(a) Antibody Detection Non-Sequential Assay:

Ag Ag Ag
X0 0000000 000OCOCBOCBOONOOOOOLOOS

Sample (Ab1) ..ir Anti-Ab1—2

Anti-Ab1—2Z Anti-Ab1—2
Ab1 Ab1
Ag Ag Ag
X000000000000000000000000

b

Anti-Ab1—2 Anti-Ab1—2
Ab1 Ab1
Ag Ag Ag

B—Y—fx....‘O.‘.‘...O...OO.....

Wash and check for Z.
Where Abl = circulating antibody to be measured.
Ag = specific antigen directed against Abl attached covalently to liquid matrix.
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X = ligand covalently attached to liquid matrix.

Y = anti-ligand covalently or passively attached to solid support.

Z = signal producing label (enzyme, radioactive label, fluorescent compound chemiluminescent
compound, bioluminesnt compound, or an enzyme substrate).
® 0000 = ihe liquid matrix.
The concentration of antibody Abl is directly proportional to the signal produced by Z.

(b) Antigen Detection Non-Sequential:

AD AD Ab
X000000000000000000000000°

Sample (Ag) Anti-Ag—Z

Anti-Ag—2 Anti-Ag—2
Ag Ag Ag
Ab Ab Ab

X00000000000000060000000090

Wash; add: l— E—Y

Anti-Ag—2 Anti-Ag—2
Ag Ag Ag
Ab Ab Ab

f-Y—Xeoee00000000000000000000

Rewash solid phase and check for Z where the concentration of circulating Ag is directly proportional fo the
signal produced by Z.

Scheme II: Sequential Assays:

In sequential assays the patient sample is reacted with ligand labeled specific antigen or antibody in the
liquid phase then contacted with the solid phase anti-ligand and allowed to react for a specific amount of
time. The solid phase is subsequently washed and re-reacted with an anti-antigen or anti-antibody labeled
with a signal producing probe. The solid phase is rewashed and checked for the signal producing probe.

The following is the diagramatical presentation of such concept:

(a) Antibody Detection Sequential Assays:
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Ag Ag Ag
X0000000000000000000O0O0COOCGCGFS

l_ Sample (Ab1)

Ab1 Ab1
Ag Ag
XOooooooooooooooooooooooo

Fr

Ab1 Ab1
Ag Ag Ag
E—Y—Xoooooooooooooooooooooooo
Wash Solid Phase i_ Anti-Ab1—2
Anti-Ab1—2 Anti-Ab1—2
Ab1 Ab1
Ag Ag Ag

B—Y—Xo00000000000000000000000

Wash solid phase and check for Z.

(b) Antigen Detection Sequential Assay:
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Ab Ab Ab
X090 0000000000060000000000H°0

} Sample (Ag)

Ag Ag Ag
Ab Ab Ab
X000000000000000000000000

b
Ag Ag Ag

Ab Ab Ab
S—Y—Xoooooooooooooooooooooooo

Wash Solid Phase Anti-Ag—2
Anti-Ag—Z2 Anti-Ag—2
Ag Ag Ag

Ab Ab Ab
E—Y—Xoooooooooooooooooooooooo

Wash solid phase and check for Z.

Scheme lll: Hapten Detection; Competitive Assays:

In case of hapten detection a specific antibody to a given hapten under consideration is chemically
attached to a soluble liquid matrix or backbone and subsequently labeled with a ligand. A patient sample
suspected of containing said hapten is allowed to react in the liquid phase with the soluble matrix containing
the ligand labeled specific antibody in the presence of a hapten labeled probe (H-Z) as depicted below.
Competition occurs between the patient hapten and the labeled hapten probe for binding sites on the ligand
labeled antibody for a given amount of time. This is followed by addition of an immobilized anti-ligand on a
solid support directed against the ligand attached to the soluble matrix containing the specific antibody. The
solid phase is washed and checked for the presence of the hapten labeled probe which is inversely
proportional to the concentration of hapten in the patient sample.
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Ab Ab Ab Ab
Xoo0000000000000000000000

Sample (H) H—-Z

H H—Z H H—-Z
Ab Ab Ab Ab
X000000000000000000000000

b
H~Z H~Z

H H
Ab - Ab Ab Ab
FJAXQooooooooooooooooooooooo

Wash solid phase and check for Z.
Variations in the mode or sequence of attachments to the soluble liquid matrix will be obvious fo those
skilled in the art.

Preparation o_f Soluble Antigen or Antibody Liquid Matrix.

The following reaction sets describe different reaction schemes for preparing soluble matrices or
backbones containing a given antigen or antibody and a specific ligand. In these sets of reactions soluble
polymers are activated with different compounds and reacted by different mechanisms. The activated
polymer matrices are either covalently coupled directly with an antigen or antibody or indirectly through a
polypeptide polymer or copolymer to which an antigen or antibody is then covalently attached. The matrix-
antigen or antibody complex or matrix-polypeptide/copolymer-antigen or antibody complex is then labeled
with a ligand directly or indirectly through a previously labeled ligand leash. The ligand used in these
examples is biotin and the anti-ligand is avidin. For other possible ligand-anti-ligand combinations refer to
section on possible other ligands.

Reaction Scheme 1.

Two soluble carbohydrates are utilized in this reaction sequence: (i) soluble dextran with a molecular
mass varying from 6,000 to 80,000 daltons and (ii) soluble Ficoll with a molecular mass varying from 70,000
fo 400,000 daltons. These two carbohydrates are used in the following examples and are abbreviated
MATRIX-OH. The amino acid copolymers used in the following examples could be selected from a number
of such copolymers examples of which are (a) polylysine, phenylalanine (b) polylysine, alanine (c)
polyglutamic, glutamic ester or (d) polyglutamic, alanine, lysine, tyrosine. Other amino acid copolymers will
be obvious to those skilled in the art.

Reaction Sequence 1a.

1,1'-carbonyldiimidazol (CDI) Activation and Coupling.
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Matrix—OH + N:/\N—E—N::J
(o]

}

Matrix—O— ﬁ —N\/:JN
(0]

Protein—NH,
pH 10.0 |— (Antigen or Antibody)

I

Matrix—O— IC —N—Protein

o

l; (a) N-Hydroxysuccinimide Biotin
pH 5.0} (b) EDC
H H
Matrix—O—-(l.'T — N—Protein— N —Biotin
o
Polylysine-NH;
N-Hydroxysuccinimide Biotin 4
)
Polylysine— N —Biotin ¢—————1
H H

| |
Matrix—0O— ﬁ — N —Protein—Polylysine— N —Biotin

(o]
*EDC is N-ethyl-N-(3-dimethylaminopropyl)

imide.

Reaction Sequence 1b.

Use of amino acid copolymer with CDI reaction.

carbodi-
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Matrix—OH + L/N-—(i N/J

5 )
| =N
Matrix—O—C —N \g

Amino Acid Copolymer
pH 10.0 }— (AAC)

15 H
I

Matrix—O— ﬁ —N-—AAC

o
20 EDC
pHS5.0 + Protein-NH,
H

|
25 Matrix—0O— ﬁ: —N—AAC~—Protein

10

l_ (a) N-Hydroxysuccinimide Biotin

30
H H

| l
Matrix—O— —N —AAC—Protein—N —Biotin PH5.0— (b) EDC

35

Polylysine-NH,
0 N-Hydroxysuccinimide Biotin _i
I

Polylysine— N —Biotin¢—————-
45 l

'.* *.*
50 : Matrix—O— ﬁ — N —AAC—Protein—Polylysine— N -Biotin
55 The following Examples are presented solely for purposes of illustration.

Example 1

10
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Preparation of Matrix containing Specific Allergens using Reaction Sequence 1b.

The above CDI activation reaction as modified from Bethell, G., et al J. Biol. Chem. 254:2572(1979) was
applied to the preparation of specific allergens using Reaction Sequence 1b and described herein:

(i) 124 nM of Matrix-OH as described under Reaction Sequence 1, supra, was dissolved in 2.0 mis of

dimethyl sulfoxide containing 10.0 mg of 1,1'-carbonyldiimidazol (CDI) and reacted at ambient tempera-

ture for 30 minutes with frequent shaking.

(i) 770 nM of amino acid copolymer (eg. glutamic acid, ethyl glutamate) dissolved in 2.0 mis of

dimethylsulfoxide were added to the reaction mixture in (i) above and allowed to react for 24 hours at

ambient temperature while shaking.

(ili) The reaction mixture from (i) and (ii) above was diluted with 2 volumes of water and chromatog-

raphed on Sepharcryl-300 column to isolate the Matrix-copolymer complex.

(iv) Fractions containing the Matrix-copolymer were dialyzed against distilled water and further dialyzed

against acetate buffer pH 5.0.

(v) To the dialyzed Matrix-copolymer conjugate 20.0 mg of lyophilized allergen exiract was added

followed by the addition of 0.15M N-ethyl-N'-(3-dimethyaminopropyl) carbodiimide (EDC) and allowed to

react for 24 hours at 4 degrees centigrade while shaking. The pH of the reaction was maintained at pH

5.0 during this reaction period. The reaction mixture was then dialyzed versus 0.1M sodium bicarbonate

buffer at pH 8.1 for 12 hours at 4 degrees centigrade.

(vi) The Matrix-copolymer-allergen conjugate was further reacted with 7.3 WM of N-hydroxysuccinimide

biotin dissolved in 1.0 ml of dimethylformamide overnight at 4 degrees centigrade. The final reaction

mixture was chromatographed on a Sephacryl-300 column and the fractions corresponding to the Matrix-

copolymer-allergen-biotin conjugate were pooled and checked for allergen activity as detailed below.

Alternatively, the above reaction was modified where biotinylated polylysine was reacted with the
Matrix-copolymer-allergen conjugate in step (vi) above as follows: 1.8 WM of polylysine (molecular mass
3,800 daltons) and 180 uM of N-hydroxysuccinimide biotin were dissolved in 1.0 ml of dimethylformamide
and allowed to react for 4 hours at ambient temperature. The biotinylated polylysine was chromatographed
on a CM-Sepharose column and eluted with 50 mM sodium borate pH 9.0 containing 2.0M sodium chloride.
The biotinylated polylysine conjugate was adjusted to pH 5.0 and reacted with the Matrix-copolymer-
allergen conjugate using EDC as described under (vi) and chromatographed to yield Matrix-copolymer-
allergen-polylysine-biotin conjugate.

Reaction Sequence 2a.

Cyanogen Bromide Activation and Coupling.

11
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Matrix—OH + CN-—Br

v
Matrix

v

|
Matrix—Q— fl: — N —Protein

o

— pH 11.0

=N

H

| Protein—NH,

l_ (a) N-Hydroxysuccinimide Biotin

H

H

Matrix =0 ﬁ: — N —Protein— N —Biotin

o)

Reaction Sequence 2b.

N-Hydroxysuccinimide Biotin %

pH 5.0
Polylysine-NH;
)
Polylysine— N —Biotin¢——
H M

— (b) EDC

| |
Matrix—O— ‘If — N —Protein—Polylysine— N —Biotin

o

Use of amino acid copolymer (ACC) with cyanogen bromide reaction.

12
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Matrix—OH + CN—Br

— pH 11.0
v

Matrix—Q—C=N

- Amino Acid Copolymer (AAC)
v

)
Matrix—O— ClZ —N-—AAC

o]
EDC
pH 5.0 %‘ Protein—NH,
H
|

Matrix—0O— IC —N—AAC—Protein
(0]

i? (a) N-Hydroxysuccinimide Biotin

lii bli pH 5.0 }— (b) EDC
Matrix—O— C —N —AAC—Protein— N —Biotin
(II)
Polylysine-NH,

N-Hydroxysuccinimide Biotin _i

H
|
Polylysine— N —Biotin ¢

)

H H
l

|
Matrix—O— ﬁ — N —AAC—Protein—Polylysine— N —Biotin
-0

Example g

Preparation of Matrix containing specific allergens using Reaction Sequence 2b.

The above cyanogen bromide activation reaction as modified from March, S. et al. Anal. Biochem.
60:149(1974) was applied to the preparation of specific allergens using Reaction Sequence 2b and
described herein:

(i) 124 nM of Matrix-OH as described under Scheme 1, supra, was dissolved in 2.0 mls of 2.0M sodium
carbonate and reacted with 100 ul of cyanogen bromide solution (2 grams of CNBr crystals dissolved in

1.0 ml of acetonitrile) for two minutes at pH 11.0 and further reacted for another two minutes with 100 ul

of the same cyanogen bromide solution.

13
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(i) Immediately thereafter 385 nM of amino acid copolymer was added to (i) above and allowed to react
overnight at ambient temperature while stirring.

(iii) The reaction mixture was chromatographed on Sephacryl-300 column to isolate the Matrix-copolymer
conjugate and further dialyzed against distilled water followed by dialysis against acetate buffer pH 5.0.
(iv) To the dialyzed Matrix-copolymer conjugate 20 mg of lyophilized allergen extract and 0.15M EDC
were added and allowed to react for 24 hours at 4 degrees centigrade while maintaining the pH of the
reaction mixture to pH 5.0. This was followed by dialyzing the reaction mixture containing the Matrix-
copolymer-allergen conjugate against 0.1M sodium bicarbonate pH 8.1 for 12 hours at 4 degrees
centigrade. The reaction sequence here follows that described under Example 1 at reaction step (vi). The
alternate reaction using biotinylated polylysine is also the same as in Example 1, supra.

Reaction Sequence 3a.

1,4-butanedioldiglycidyl ether (BDDGE) activation and coupling.

Matrix—OH + H; t—;—j H—CH;~0—(CHz)—O0— T_H;—_T H2

NaOH
}— NaBH,

Matrix—O—CH— ? H—CH;—0—(CH2)s—0— Ei— j Ha
o)

OH
(i) Protein—NH,, or
(i) Protein—OH, or
(iii) Protein—SH

0] Matrix—O—CH;— (i7 H—CH;—0—(CH,)—0— CI: H—~CHz— l|~l —Protein
OH OH

(ii) Matrix—O——CHz—? H—CH;—O-—(CH;).—O—(E H—CH;—0 —Protein
OH OH

(iii) Matrix-O-—CHr—? H—CH:—O—(CH:L—O—? H—CH,;—S —Protein
OH OH

}- (a) N-Hydroxysuccinimide Biotin

H
I |
Matrix—O—CHr—? H—CH;—O——(CH:).—O—? H—? Hg—. . .—Protein—N—Biotin
OH OH
Polylysine-NH;
N-Hydroxysuccinimide Biotin _1 pH 5.0 | (b) EDC
"
Polylysine— N —Biotine—
Matrix—O—. .. ... .. .. e —Protein—Polylysine—Biotin

14
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Reaction Sequence 3b.

Use of amino acid copolymer with BDDGE reaction.

Matrix—OH + H; T—— j: H—CH;—0—(CH;)—0— T:lo—j H2
0]

NaOH
10 } NaBH,

Matrix--O—CHz—('Z H—CH:—O—(CH:M—O— CH-—-C Ha

OH 0]
15
l, Amino Acid Copolymer (AAC)
I
20 Matrix—O—CHz—CI: H—CH;—0—(CH)s—0— (l: H—CH,—N—AAC
OH OH
EDC
pH 5.0 Protein—NH;
25
)
Matrix—O—. . . e —CH;—N—AAC—Protein
80 i_ N-Hydroxysuccinimide Biotin
*.* *r
Matrix—O—. . ... i —CHz— N —AAC—Protein— N —Biotin
35
Polylysine
l, N-Hydroxysuccinimide Biotin
* pH 5.0 | (b) EDC
lil .
Polylysine— N —Biotin <
*.* *.'
Matrix—O—. ........... —CH,—N —AAC—Protein—Polylysine— N —Biotin
50
Example §
Preparation of Matrix containing Specific Allergens using Reaction Sequence 3b.
55 The above BDDGE activation reaction as modified from Sunberg, L. et al. J. Chromatography, 90:87
(1974) was applied to the preparation of specific allergens using Reaction Sequence 3b and described

herein:
(i) 150 nM of Matrix-OH as described under Reaction Scheme 1 was dissolved in 4.0 mils of 0.3M
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sodium hydroxide containing 0.26 mM sodium borohydride and reacted with 2.7 mM of 1,4-butanediol-
diglycidyl ether for 4 hours at ambient temperature.

(ii) To the activated Matrix in (i) above 600 nM of amino acid copolymer was added and further reacted
for 4 hours at 4 degrees centigrade. The reaction mixture was then dialyzed against distilled water and
further dialyzed against acetate buffer pH 5.0.

(iii) To the resultant Matrix-copolymer conjugate 20.0 mg of lyophilized allergen extract and 0.15M EDC
was added as in reaction step (v). The reaction sequence follows that of Example 1 at reaction step (vi).
The alternate biotinylated polylysine reaction sequence is also the same as in Example 1, supra.

Reaction Sequence 4.

Carboxymethylation Reaction.

Matrix—OH + Sodium Chioroacetate

}

Matrix—0O—CHz—C —0OH

EDC
pHS5.0 _i- Amino Acid Copolymer (AAC)

o)
[
Matrix—O—CH,=C —N—AAC

EDC
pH 5.0 ‘i_ Protein—NH,

o)
.
Matrix—0O—CHz— C — N—AAC—Protein

pH 8.1 _i. (a) N-Hydroxysuccinimide Biotin

1 \
Matrix—0O—CHy— C — N —AAC—Protein— N —Biotin

Polylysine-NH;

N-Hydroxysuccinimide Biotin _i PHS5.0— () EDC

H
|
Polylysine— N —Biotin @3

|

L H
| I
Matrix—O—CHz— C — N —AAC—Protein—Polylysine— N —Biotin

Example i
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Preparation of Matrix containing Specific Allergens using Reaction Sequence 4:
The carboxymethylation activation reaction as modified from Inman, J. J. Immunol. 114:704 (1975) was

applied to the preparation of specific allergens using Reaction Sequence 4 and described herein:

(i) 0.33 M of Matrix-OH as described under Reaction Scheme 1 was dissolved in 0.32 mils of 1.35M
sodium chloroacetate (300 mis of distilled water + 135 mlis of 5M sodium hydroxide + 64.4 grams of
chloroacetic acid; pH adjusted to 6.8 and final volume adjusted to 500 mis with distilled water). This
mixture was mixed for few minutes very vigorously.

(ii) 86 ul of 10M sodium hydroxide was added and the volume adjusted to 0.43 mls with distilled water
and allowed to react for 3 hours at 40 degrees centigrade.

(i) 17.2 ul of 2.0M sodium phosphate monobasic was added to the reaction mixture which was titrated
to pH 7.0 using 0.1M hydrochloric acid. The activated matrix was then dialyzed against distilled water
followed by further dialysis against acetate buffer pH 5.0.

(iv) The carboxymethyl-matrix was then reacted with 770 nM of amino acid copolymer in the presence of
0.15M EDC at pH 5.0 for 24 hours at 4 degrees centigrade. The reaction mixture was then dialyzed
against distilled water followed by dialysis against acetate buffer pH 5.0.

(v) 20 mg of specific lyophilized allergen was added together with 0.15M EDC to the Matrix-copolymer
conjugate in step (iv) and allowed to react as in Example 1 reaction step (v). The reaction sequence
follows that of Example 1 reaction step (vi) and the alternate reaction using biotinylated polylysine is the
same as in Example 1, supra.

Reaction Sequence 5a.

Periodate Reaction.
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Matrix + NalO,4 (Sodium Periodate)
C—0OH
H
I
A=
Matrix ~ Dialdehyde
(I: =0
H

NaBH, + Protein—NH,

Matrix—CN-—Protein

l( (a) N-Hydroxysuccinimide Biotin

H

I
Matrix-CN—Protein-— N —Biotin

Polylysine-NH;
N-Hydroxysuccinimide Biotin {

H
I

Polylysine— N —Biotin&———

Matrix—CN—Protein—Polylysine—

Reaction Sequence 5b.

Use of amino acid copolymer with periodate reaction.

18
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/G—OH
NC—OH

+ NalO, (Sodium Periodate)

l

!l'l
»C=0
C=

|

Matrix

Matrix Dialdehyde
NCc=0

H

NaBH, + Amino Acid Copolymer

Matrix—CN—AAC
EDC + Protein

Matrix—CN—AAC—Proteir:

i_ (a) N-Hydroxysuccinimide Biotin

H
|
Matrix—CN-AAC—Protein— N—Biotin

Polylysine-NH;

N-Hydroxysuccinimide Biotin _i

|
Polylysine— N —Biotin €

}

H

pH 5.0 |— (b) EDC

H

I
Matrix-CN-AAC-—Protein-—Polnysine—- N —Biotin

Example §

Preparation of Matrix containing Specific Allergens using Reaction Sequence 5:

The above periodate activation reaction as modified from Nakane, P. et i" J. Histochem. Cytochem.
22:1084 (1974) was applied to the preparation of specific allergens using Reaction Sequence 5b and

described herein:

(i) 124 nM of Matrix-OH as described under Reaction Scheme 1 was dissolved in 0.3M sodium
bicarbonate at pH 8.1 and reacted with 1.0 ml of 0.2M sodium periodate for one hour at ambient
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temperature.

(i) 500 nM of amino acid copolymer was added and reacted for 150 minutes at ambient temperature.
0.26 mM of sodium borohydride was added to stabilize the Schiff's base.

(ili) The Matrix-copolymer conjugate was dialyzed against distilled water and further dialyzed against

5 acetate buffer pH 5.0. The reaction sequence then follows the same steps as in Example 1 reaction step
(v) through reaction step (vi) and the alternate biotinylated polylysine reaction follows that of Example 1,
supra.

Reaction Scheme Il:

10
Soluble polymers are used in this reaction scheme: (i) polyacrylic acid with a molecular mass varying
from 5,000 to 120,000 daltons, (i) 50% to 100% carboxylated polyacrylamide with a molecular mass
varying from 120,000 to 240,000 daltons and (iii) polypeptides of copolymers exhibiting reactive carboxyl
groups varying in molecular mass from 5,000 to 200,000 daltons. The reaction sequence for these forms of

15 polymers and copolymers are similar.

—CH;—?—CH;—?—CH;— OR —CHz—(f—CHz—(f—CHg—

? =0 ? =0 ? =0 (': =0
” OH OH OH NH;
Polyacrylic Acid Carboxylated Polyacrylamide
R—F—OH R-ﬁ"NHZ.
25 O| O
R—C—OH OR R—C—NH;
30 I I
o O
EDC +
N-Hydroxysuccinimide Protein—NH,
35
T
R— i —N —Protein
40 (o)
l— N-Hydroxysuccinimide Biotin
s | H H
Is l
R— Cl — N —Protein— N —Biotin
o
50

Example §

Preparation of Matrix containing Specific Allergens using Reaction Scheme II.

55 (i) 0.033 nM of polyacrylic or carboxylated polyacrylamide was dissolved in 2.0 mls of 0.01M phosphate
buffer pH 8.0. 0.1M of each EDC and N-hydroxysuccinimide were added to the polymer solution followed
by the addition of 10.0 mg of lyophilized specific allergen extract and incubated for 24 hours at ambient
temperature while maintaining the pH at 8.0.
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(i) The polymer-allergen conjugate was chromatographed on a Sehadex G-100 column and eluted with
0.01M phosphate buffer pH 7.5 and the exclusion volume collected.

(ili) The exclusion volume collected was concentrated to 2.0 mis by centrifugal evaporation and reacted
with 0.73 mM of N-hydroxysuccinimide biotin for 2 hours at ambient temperature.

(iv) The polymer-allergen-biotin conjugate was dialyzed against 0.01M phosphate buffer pH 7.5 for 18
hours at 4 degrees centrigrade.

Choice of Ligand and Anti-Ligand Configuration:

Specific ligands and their anti-ligand counterparts that can be used in the context of the present
invention are selected from a host of different compounds. Examples shown here are illustrative only and
the use of any other ligand-anti-ligand combination will be obvious to those skilled in the art.

Ligand Anti-ligand

Hapten Anti-hapten

Biotin Avidin

Fluoresceine Anti-fluoresceine
Dinitrophenol Anti-dinitrophenol

Avidin Anti-avidin

Biotin Anti-biotin

Bovine serum Albumin Anti-bovine serum albumin

In the above examples of ligands and antiligands the reaction sequence as described herein is carried
out in a reaction vessel, e.g., a test tube, then the solid phase support containing the anti-ligand is
intfroduced into the same reaction vessel. The solid phase support in this case could be a coated bead, dip-
stick, and the like.

It is desirable at times to use a coated tube solid phase support since it is easily handled and washed.
In this case the above configuration may be unsuitable since the first reaction is conducted in the liquid
phase followed by a solid phase separation. If a liquid first reaction is not sought then the above-mentioned
ligand-anti-ligand combinations are suitable in the preparation of a solid phase matrix as described herein.
If, on the other hand, a liquid phase first reaction is sought and if both reactions were to be conducted in the
same reaction vessel, like, for example, a coated tube, then several possible configurations are here sought
for such an application:

(1) The ligand attached to the liquid matrix is avidin and the solid phase coated tube is coated with
avidin. To effect the immobilization of the immunocomplex matrix containing avidin onto the avidin
coated tube, biotin is added after the initial liquid phase reaction has been completed. This will form the
following immobilized complex:

MATRIX-..........Avidin-Biotin-Avidin-f

as shown in Schemes | and Il, supra.

(2) By biotinylating the liquid matrix as described previously and using an anti-avidin antibody on the
coated tube solid phase, immobilization of the former onto the latter can be achieved by the addition of
avidin, after the initial liquid phase reaction, to the reaction mixture which will bind to both the anti-avidin
antibody and the biotinylated liquid immunocomplex matrix. This will form the following immobilized
complex:

MATRIX..............Biotin-Avidin-Anti-Avidin-E

(3) By biotinylating the liquid matrix a s described previously and using a coated tube coated with
biotinylated protein such as bovine serum albumin, immobilization of the former onto the latter is
achieved by adding avidin to the reaction vessel after the initial liquid phase reaction has taken place.
This will form the following immunocomplex on solid phase:
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MATRIX......e......Biotin-Avidin-Biotin-BSA-E

Other possible combinations are obvious to those skilled in the art.
Example 7

The determination of circulating total IgE (reagin immunoglobulins) by the present invention:

Two different monoclonal antibodies were raised against purified IgE and recognizing two different
epitopes on the IgE molecule using the method of Galfre, G. and Milstein, C. (Preparation of Monoclonal
Antibodies: Strategies and Procedures. In Methods of Enzymology, Immunochemical Techniques, vol. 73,
Langone, J. and Van Vunakis, H., eds. Academic Press (1981) pp. 3-46).

The IgG fraction from each antibody was purified on DEAE-Sepharose CL-6B after ammonium sulfate
precipitation. One antibody was conjugated to horse radish peroxidase enzyme using the periodate method
of Nakane, P. et al., J. Histochem. Cytochem. 22:1084 (1974) and diluted to a working solution in 0.05M
phosphate buffer pH 7.0 containing 0.15M sodium chloride, 0.01% thimerosal and 0.1% human serum
albumin. The second monoclonal antibody for IgE was attached to polyacrylic acid and further biotinylated
as described under Reaction Scheme I, Example 6, supra, using 2.94 nmoles of purified IgG in place of the
specific allergen as described under Example 6. The polyacrylic acid-anti-IgE-biotin complex was diluted to
a working solution in the same buffer as the enzyme label described above.

Avidin was passively immobilized on a one-eighth inch polystyrene bead using the method of Catt, K.
and Tregear, G.W. Science 158:1570 (1967) and further lyophilized to remove excess moisture.

Standards having IgE values ranging from 10 to 600 IU/mi were prepared in horse serum and
standardized against the World Health Organization's Second International Reference Preparation for Human
Serum IgE, number 75/502.

Total circulating IgE in 30 serum samples chosen randomly were determined as follows:

10 ul of each of the IgE standards including a zero standard and 10 Wl of each serum sample were
pipeted into a 12 x 75 mm test tube. To each tube 100 ul of the polyacrylic acid-anti-IgE-biotin complex
and 100 ul of the enzyme labeled monoclonal anti-IgE antibody were added and the tubes mixed briefly
and incubated for 30 minutes at ambient temperature. After this initial incubation one avidin coated bead
was added to each tube and all tubes further incubated for another 30 minutes while shaking at ambient
temperature. The beads were subsequently washed twice with the same buffer used for the monoclonal
antibodies but containing 0.5% Tween-20 and reacted for 10 minutes with 0.5 ml of enzyme substrate
containing 3.5 mg of hydrogen peroxide and 5.0 mg of o-phenylenediamine in 0.1M citrate-phosphate buffer
pH 5.0. The color reaction was stopped by adding 0.5 ml of 0.5M sulfuric acid and the color absorbance
determined on a spectrophotometer set at a wavelength of 492 nm. The absorbance of each point on the
standard curve are tabulated below as follows:

IgE. IU/ml Absorbance
0 0.010
10 0.051
30 0.106
100 0.313
300 0.809
600 1.370

The IgE concentration in each of the 30 serum samples was computed from the above standard curve and
compared to the IgE concentration determined on the same samples using Pharmacia's Inc. (Piscataway,
N.J.) total IgE enzyme assay with the following regression results:

Mean Pharmacia: 89 1U/ml

Mean Present Method: 88 1U/ml

Present Method = 1.04 Pharmacia - 2.7 1U/ml

Correlation Coefficient = 0.9690

Example §
Determination of IgE Specific Allergens using the present invention:
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The determination of IgE specific allergens was conducted using the embodiments of the present
invention and assayed according to the following protocol:
200 wl of Matrix-allergen-biotin or Matrix-allergen-AAC-biotin or Matrix-allergen-AAC-polylysine-biotin in
0.05M phosphate buffered saline pH 7.0 as described under Example 7 above were added to 100 ul of
patient serum or atopic calibrator and allowed to react for 2 hours at ambient temperature. One avidin
coated bead was added to each tube and the reaction allowed to continue for 60 minutes at ambient
temperature on a mechanical shaker set at 200 strokes per minute. The beads were washed twice as
described under Example 7 above and reacted for another 60 minutes at ambient temperature with 300 ul
of goat anti-IgE-horse radish peroxidase enzyme label diluted in same buffer as above. The beads were re-
washed twice and further reacted for 20 minutes with 300 ul of enzyme substrate as described under
Example 7 above and the reaction stopped with 0.5 ml of 0.5M sulfuric acid and the color absorbance was
recorded at 492 nm.

The following results were obtained on a selected group of allergens attached to different matrices as
described under Reaction Schemes | and Il, supra:

(a) Timothy Grass. %:

Purified Timothy grass (G6) was attached to (i) Ficoll 70 through polyglutamic, glutamic ester as
described under Example 1 of Reaction Sequence 1b, (ii) polyacrylic acid (PAA) as described under
Example 6 and (iii) carboxylated polyacrylamide (CPA) as described under Example 6. A Class IV atopic
serum for G6 as classified by the Phadebas-RAST kit from Pharmacia (Piscaway, N.J.) was diluted in a non-
atopic serum to simulate atopic Classes lll, Il and | and were assayed using the above protocol along with
four other atopic samples and one non-atopic sample with the following results recorded:

MATRIX: Ficoll 70 PAA CPA
Absorbance

Class IV 1.660 1.630 1.765

Class III 0.403 0.500 0.557

Class I1I 0.157 0.174 0.253

Class I 0.091 0.087 0.121

Non-Atopic

Serum 0.041 0.020 0.035

Patient #

1 1.783 2.878 2.753

2 0.534 0.637 0.955

3 1.036 1.232 1.163

4 0.434 0.441 0.409

b) Birch Tree:

Purified Birch Tree allergen extract (T3) was attached to (i) Ficoll 70 through the amino acid copolymer
polylysine, phenylalanine as described under Example 1 using Reaction Sequence 1b, supra, (ii) Dextran 80
through polyglutamic, alanine, lysine, tyrosine copolymer as described under Example 2 using Reaction
Sequence 2b, supra and (jii) carboxylated polyacrylamide (CPA) as described under Example 6 of Reaction
Scheme II, supra.

A Class IV atopic serum for T3 as classified by the Phadebas-RAST kit of Pharmacia was diluted with a
non-atopic serum to simulate atopic Classes lll, Il and | and were assayed using the above protocol along
with two atopic sera and one non-atopic serum for T3 with the following results recorded:
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MATRIX: Ficoll 70 Dextran 80 CPA
Absorbance

Class IV 1.066 1.126 2.430

Class III 0.239 0.242 0.979

Class 1I 0.105 0.112 0.313

Class I 0.075 0.082 0.178

Non-Atopic

Serum 0.045 0.062 0.026

Patient #

1 0.732 1.317 1.041

2 0.571 1.102 1.990

The choice of matrix, copolymer and the reaction scheme and sequence to be used for a given allergen will
depend on the protein content of each allergen and will be obvious to those skilled in the art.

Having described the invention, it is intended that it be limited only by the lawful scope of the appended
claims.

Claims

1. A method for measuring the level of an antigen (Ag1), antibody (Ab1) or hapten (H) in a liquid sample,
which comprises forming in a liquid phase reaction a soluble complex wherein said antigen (Ag1)
antibody (Ab1) or hapten (H) is linked through, respectively, a specific antibody (Ab), antigen (Ag) or
antihapten (Anti-H), to a matrix which is soluble in the liquid phase and carries a ligand (X),
subsequently forming an insolubilised complex comprising a solid support linked to the ligand (X) of
said soluble complex through an anti-ligand (Y), the insolubilised complex carrying a label (Z) linked to
the antigen (Ag1) through an anti-antigen (Anti-Ag+), to the antibody (Ab+) through an anti-antibody
(Anti-Ab1) or to the hapten (H), washing the insolubilised complex, and checking the washed in-
solubilised complex for the presence of the label (Z) to provide a measure of the level of said antigen
(Ag1), antibody (Ab1) or hapten (H) in said sample.

2. A method according to claim 1 wherein the label (Z) is an enzymatic label, a radioactive label, a
fluorescent label, a chemiluminescent label or a bioluminescent label.

3. A method according to claim 1 or 2 wherein the matrix is a soluble carbohydrate with a molecular mass
of from 6,000 to 80,000 daltons or a Ficoll with a molecular mass of from 70,000 to 400,000 daltons.

4. A method according to claim 3 wherein the matrix is a dexiran.

5. A method according to claim 1 or 2 wherein the matrix is a soluble polymer or copolymer with a
molecular mass of from 5,000 to 200,000 daltons.

6. A method according to any one of the preceding claims wherein the ligand (X) is covalently attached to
the matrix through an amino acid copolymer.

7. A method according to any one of the preceding claims wherein the ligand (X) is avidin, the solid
support is a coated tube coated with avidin, and biotin is added to effect the immobilization of the
soluble complex onto the avidin coated tube.

8. A method according to any of claims 1 to 6 wherein the ligand (X) is biotin, the solid support is a
coated tube coated with an anti-avidin antibody, and avidin is added to effect the immobilization of the
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soluble complex onto the anti-avidin antibody coated tube.

A method according to any one of claims 1 to 6 wherein the ligand is biotin, the solid support is a
coated tube coated with biotinylated protein, and avidin is added to effect the immobilization of the
soluble complex onto the biotinylated protein coated tube.

A method according to any one of the preceding claims wherein the ligand is selected from hapten,
biotin, fluoresceine, dinitrophenol, avidin and bovine serum albumin, and the anti-ligand is selected from
anti-hapten, avidin, anti-biotin, anti-fluoresceine, anti-dinitrophenol, anti-avidin and anti-bovine serum
albumin, respectively.

A method according to any one of the preceding claims wherein the ligand (X) is covalently attached to
the matrix, and the specific antibody (Ab) or antigen (Ag) is chemically attached to the matrix.

A method according to any one of the preceding claims wherein the sample contains an antigen or
antibody, the soluble complex is formed by reacting the sample in the liquid phase with a said matrix
carrying ligand (X) and specific antibody (Ab) or antigen (Ag) in the presence of an anti-antigen (Anti-
Ag1) or anti-antibody (Anti-Ab+) labelled with said label (Z) to form a said soluble complex, reacting this
soluble complex with immobilized anti-ligand (Y) on a solid support to form an insolubilised complex,
washing the insolubilised complex, and checking for the label (Z) on the anti-antigen (Anti-Ag1) or anti-
antibody (Anti-Ab1).

A method according to any one of claims 1 to 11 wherein the sample contains an antigen (Agi) or
antibody (Ab1), the soluble complex is formed by reacting the sample in the liquid phase with a said
matrix carrying said ligand (X) and said specific antibody (Ab) or antigen (Ag), the insolubilised complex
is formed by contacting said soluble complex with immobilized anti-ligand (Y) on a solid support to
form an insolubilised complex, washing the insolubilised complex, reacting it with an anti-antigen (Anti-
Ag1) or anti-antibody (Anti-Ab¢) labelled with said label (Z), rewashing the resulting insolubilised
complex, and checking for the presence of the label attached to the anti-antigen (Anti-Agi) or anti-
antibody (Anti-Ab1).

A method according to any one of claims 1 to 11 wherein the sample contains a hapten, the soluble
complex is formed by reacting the sample in the liquid phase with a said matrix carrying ligand (X) and
a specific anti-hapten (Anti-H) in the presence of a labeled hapten probe (H-Z), allowing competitive
binding to occur between the hapten (H) in the sample and the labeled hapten probe (H-Z) for anti-
hapten (Anti-H) binding sites on the maitrix, reacting the resulting soluble complex with immobilized
anti-ligand (Y) on a solid support to form an insolubilised complex, washing insolubilised complex and
checking for the label (Z).

Revendications

Procédé de détermination du taux d'antigéne (Agi), d'anticorps (Abi) ou d'hapiéne (H) dans un
échantillon liquide, qui comprend la formation, par une réaction en phase liquide, d'un complexe
soluble, dans lequel ledit antigéne (Ag:), ledit anticorps (Ab1) ou ledit hapténe (H) est lié 3 travers,
respectivement, un anticorps (Ab), un antigéne (Ag) ou un antihapténe (Anti-H) spécifique 2 une matrice
qui est soluble dans la phase liquide et qui porte un ligand (X), la formation subséquente d'un
complexe insolubilisé, comprenant un support solide lié au ligand (X) dudit complexe soluble 2 travers
un antiligand (Y), le complexe insolubilisé portant un marqueur (Z) lié & I'antigéne (Ag:) par l'intermé-
diaire d'un anti-antigéne (Anti-Ag1), & I'anticorps (Ab1) par 'intermédiaire d'un anti-anticorps (Anti-Ab+)
ou 2 I'napténe (H), le lavage du complexe insolubilisé, et la vérification de la présence du marqueur (2)
dans le complexe insolubilisé lavé, pour fournir une mesure du taux dudit antiggne (Ag1), dudit
anticorps (Ab1) ou dudit hapténe (H) dans ledit échantillon.

Procédé selon la revendication 1, dans lequel le marqueur (Z) est un marqueur enzymatique, un
marqueur radioactif, un marqueur fluorescent, un marqueur chimioluminescent ou un marqueur biolumi-

nescent.

Procédé selon la revendication 1 ou 2, dans lequel la mairice est un hydrate de carbone soluble ayant
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une masse moléculaire de 6.000 2 80.000 daltons, ou un Ficoll ayant une masse moléculaire de 70.000
4 400.000 daltons.

Procédé selon la revendication 3, dans lequel la matrice est un dexirane.

Procédé selon la revendication 1 ou 2, dans lequel la matrice est un polymére ou copolymeére soluble
ayant une masse moléculaire de 5.000 & 200.000 daltons.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le ligand (X) est lié par
covalence 2 la maitrice par I'intermédiaire d'un copolymére aminoacide.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le ligand (X) est I'avidine,
le support solide est un tube, enduit avec I'avidine, et la biotine est ajoutée pour effectuer I'immobilisa-
tion du complexe soluble sur le tube enduit d'avidine.

Procédé selon I'une quelconque des revendications 1 2 6, dans lequel le ligand (X) est la biotine, le
support solide est un tube, enduit avec un anticorps anti-avidine, et I'avidine est ajoutée pour effectuer
I'immobilisation du complexe soluble sur le tube enduit d'anticorps anti-avidine.

Procédé selon I'une quelconque des revendications 1 2 6, dans lequel le ligand est la biotine, le
support solide est un tube, enduit d'une protéine biotinylée, et l'avidine est ajoutée pour effectuer
I'immobilisation du complexe soluble sur le tube enduit de protéine biotinylée.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le ligand est choisi parmi
I'hapténe, la biotine, la fluorescéine, le dinitrophénol, 'avidine et I'albumine de sérum bovin, et I'anti-
ligand est choisi parmi I'anti-hapténe, l'avidine, |'anti-biotine, I'anti-fluorescéine, I'anti-dinitrophénol,
I'anti-avidine et I'albumine de sérum anti-bovin, respectivement.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le ligand (X) est lié par
covalence & la matrice, et I'anticorps (Ab) ou l'antigéne (Ag) spécifique est lié chimiquement A la
matrice.

Procédé selon I'une quelconque des revendications précédentes, dans lequel I'échantillon contient un
antigéne ou un anticorps, qui comprend la formation du complexe soluble par réaction de I'échantillon
dans la phase liquide avec ladite matrice portant le ligand (X) et un anticorps (Ab) ou un antigéne (Ag)
spécifique en présence d'un anti-antigéne (Anti-Agi) ou d'un anti-anticorps (Anti-Abi) marqué au
moyen dudit marqueur (Z) pour former ledit complexe soluble, réaction de ce complexe soluble avec
I'anti-ligand (Y) immobilisé sur un support solide pour former un complexe insolubilisé, lavage du
complexe insolubilisé, et vérification de la présence du marqueur (Z) sur l'anti-antigéne (Anti-Ag:) ou
I"anti-anticorps (Anti-Ab+).

Procédé selon I'une quelconque des revendications 1 & 11, dans lequel I'échantillon contient un
antigéne (Ag1) ou un anticorps (Ab+), qui comprend la formation du complexe soluble par réaction de
I'échantillon dans la phase liquide avec ladite matrice portant ledit ligand (X) et ledit anticorps (Ab) ou
antigéne (Ag) spécifique, le complexe insolubilisé étant formé par mise en contact dudit complexe
soluble avec l'anti-ligand (Y) immobilisé sur un support solide pour former un complexe insolubilisé,
lavage du complexe insolubilisé, réaction de celui-ci avec un anti-antigéne (Anti-Ags) ou un anti-
anticorps (Anti-Abs) marqué au moyen dudit marqueur (Z), relavage du complexe insolubilisé résultant,
et vérification de la présence du marqueur fixé & I'anti-antigéne (Anti-Ag1) ou 2 l'anti-anticorps (Anti-
Ab1).

Procédé selon I'une quelconque des revendications 1 & 11, dans lequel I'échantillon contient un
hapténe, qui comprend la formation d'un complexe soluble par réaction de I'échantillon dans la phase
liquide avec ladite matrice portant le ligand (X) et un anti-hapténe (Anti-H) spécifique, en présence
d'une sonde d'hapténe marquée (H-Z), permettant une fixation par compétition enire I'hapténe (H) de
I'échantillon et la sonde d'hapténe marquée (H-Z) pour les sites de fixation anti-hapténe (Anti-H) sur la
matrice, réaction du complexe soluble résultant avec I'anti-ligand (Y) immobilisé sur un support solide
pour former un complexe insolubilisé, et lavage du complexe insolubilisé et vérification de la présence
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du marqueur (Z).

Patentanspriiche

1.

10.

11.

12,

Verfahren zur Messung des Levels von Antigenen (Agi), Antikdrpern (Ab+) oder Haptenen (H) in einer
flissigen Probe, mit folgenden Schritten: Bilden eines I6slichen Komplexes in einer Flissigphasenreak-
tion, in welcher das Antigen (Agi:), der Antikdrper (Abi) oder das Hapten (H) jeweils durch einen
spezifischen AntikGrper (Ab), ein Antigen (Ab) oder ein Antihapten (Anti-H) an eine Matrix gebunden ist,
die in flUssiger Phase 18slich ist und einen Liganden (X) trdgt, anschlieBend Bilden eines unl&slichen
Komplexes mit einem festen Triger, der an den Liganden (X) des 18slichen Komplexes durch einen
Anti-Liganden (Y) gebunden ist, wobei der unidslich gemachte Komplex eine Marke (Z) tragt, die an
das Antigen (Ag1) Uber ein Anti-Antigen (Anti-Ag1), an den AntikSrper (Ab4) Uber einen Anti-AntikGrper
(Anti-Ab1) oder an das Hapten (H) gebunden ist, Waschen des unl&slichen Komplexes und Uberpriifen
des gewaschenen unidslich gemachten Komplexes auf das Vorhandensein der Marke (Z), um ein MaB
flir das Level des Antigens (Agi), Antikdrpers (Ab1) oder Hapten (H) in der Probe an die Hand zu
geben.

Verfahren nach Anspruch 1, in welchem die Marke (Z) eine enzymatische Marke, eine radioaktive
Marke, eine fluoreszente Marke, eine chemilumineszente Marke oder eine biolumineszente Marke ist.

Verfahren nach Anspruch 1 oder 2, in welcher die Matrix ein 18sliches Kohlendydrat mit einer
Molekularmasse von 6.000 bis 80.000 Dalton ist oder ein Ficoll mit einer Molekularmasse von 70.000
bis 400.000 Dalton.

Verfahren nach Anspruch 3, in welchem die Matrix ein Dexiran ist.

Verfahren nach Anspruch 1 oder 2, in welchem die Matrix ein 18sliches Polymer oder Copolymer mit
einer Molekularmasse von 5.000 bis 200.000 Dalton ist.

Verfahren nach einem der vorhergehenden Anspriiche, in welchen der Ligand (X) kovalent an die Matrix
Uber ein Aminosdurecopolymer gebunden ist.

Verfahren nach einem der vorhergehenden Anspriiche, in welchem der Ligand (X) Avidin ist, der feste
Trager ein mit Avidin-beschichtetes Rohr ist, und in welchem Biotin zugegeben ist, um die Immobilisie-
rung des I1&slichen Komplexes an das Avidin-beschichtete Rohr zu bewirken.

Verfahren nach einem der Ansprliche 1-6, in welchem der Ligand (X) Biotin ist, der feste Trager ein mit
einem Anti-Avidin AntikGrper beschichtetes Rohr ist und in welchem Avidin zugegeben wird, um die
Immobilisierung des I6slichen Komplexes an dem Anti-Avidin AntikGrper beschichteten Rohr zu
bewirken.

Verfahren nach einem der Anspriiche 1-6, in welchem der Ligand Biotin ist, der feste Trdger ein mit
biotinyliertem Protein beschichtetes Rohr ist und in welchem Avidin zugegeben wird, um die Immobili-
sierung des I0slichen Komplexes an dem mit dem biotinylierten Protein beschichteten Rohr zu
bewirken.

Verfahren nach einem der vorhergehenden Anspriiche, in welchem der Ligand aus einer Gruppe
ausgewihlt wird, die aus Hapten, Biotin, Fluoreszein, Dinitrophenol, Avidin und Rinderserum-Albumin
besteht, und der Anti-Ligand ausgewahlt ist aus einer Gruppe, die entsprechend aus Anti-Hapten,
Avidin, Anti-biotin, Anti-fluoreszein, Anti-dinitrophenol, Anti-Avidin und Anti-Rinderserum-Albumin be-
steht.

Verfahren nach einem der vorhergehenden Anspriich, in welchem der Ligand (X) kovalent an die Matrix
gebunden ist und der spezifische Antikdrper (Ab) oder das spezifische Antigen (Ag) chemisch an die

Matrix gebunden sind.

Verfahren nach einem der vorhergehenden Anspriiche, in welchem die Probe ein Antigen oder einen
AntikOrper enthilt, in welcher der 16sliche Komplex durch Reaktion der Probe in flliissiger Phase mit
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der den Liganden (X) tragenden Matrix gebildet wird und in welcher der spezifische Antik&rper (Ab)
oder das Antigen (Ag) in Gegenwart des Anti-Antigens (Anti-Ag+) oder Anti-AntikGrpers (Anti-Abq) mit
der Marke (Z) markiert wird, um den 18slichen Komplex zu bilden, in welcher der 16sliche Komplex mit
einem immobilisierten Anti-Liganden (Y) an einem festen Trdger reagiert, um einen unldslichen
Komplex zu bilden, in welcher der unl8slich gemachte Komplex gewaschen wird und in welcher die
Marke (Z) auf dem Anti-Antigen (Anti-Ag) oder Anti-Antik&rper (Anti-Ab1) Uberprift wird.

Verfahren nach einem der Anspriche 1-11, in welchem die Probe ein Antigen (Agi) oder einen
AntikGrper (Ab1) aufweist, in welchem der 18sliche Komplex durch Reaktion der Probe in flissiger
Phase mit der Matrix, welche den Liganden (X) und den spezifischen Antikdrper (Ab) oder das
spezifische Antigen (Ag) trdgt, gebildet wird, in welchem der unldslich gemachte Komplex durch
Inberlihrungbringen des 18slichen Komplexes mit einem immobilisierten Anti-Liganden (Y) auf einem
festen Trager gebildet wird, um einen unldslichen Komplex zu bilden, in welchem der unl&slich
gemachte Komplex gewaschen wird, in welchem dieser mit einem Anti-Antigen (Anti-Ag1) oder einem
Anti-AntikGrper (Anti-Ab+), welcher mit einer Marke (Z) markiert ist, reagiert, in welchem der entstehen-
de unl&slich gemachte Komplex erneut gewaschen wird und in welchem die Anwesenheit von Marken,
die an den Anti-Antigen (Anti-Ag1) oder Anti-Antikdrper (Anti-Ab1) gebunden sind, Uberprift wird.

Verfahren nach einem der Anspriiche 1-11, in welchem die Probe ein Hapten beinhaltet, der 18sliche
Komplex durch Reaktion der Probe in fllissiger Phase mit einem die Matrix tragenden Liganden (X)
gebildet wird und in welcher ein spezifisches Anti-Hapten (Anti-H) in Gegenwart einer markierten
Haptensonde (H-Z) unter Zulassen einer konkurrierenden Bindung zwischen dem Hapten (H) in der
Probe und der markierten Hapten-Sonde (H-Z) zu den Bindungsstellen des Anti-Haptens (Anti-H) auf
der Matrix, in welchem der resultierende 18sliche Komplex mit einem immobilisierten Anti-Ligand (Y) an
einem festen Trager reagiert, um einen unldslichen Komplex zu bilden, in welchem der unislich
gemachte Komplex gewaschen wird, und in welchem auf die Marke (Z) hin geprift wird.
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